The Sanandaj-Sirjan granitoids (SSG) in western Iran are composed mainly of granite, granodiorite and tonalite. Chemically the rocks are peraluminous and metaluminous, and show S-and I-type characteristics. The oval shape of the plutons, with large axes parallel to the Zagros main trend, along with deformational textures and structures, the existence of aluminous minerals such as andalusite, garnet and sillimanite as well as micaceous enclaves and geochemical features, all support generation of these rocks by partial melting of heterogeneous source materials in a continental collision setting, corresponding to the Zagros Orogen.
Introduction
The Zagros Ocean, as a branch of Neotethys between the Central Iranian Block and the Arabian Plate closed due to subduction beneath the Central Iranian Block; the Zagros Mountains were formed in the process. Figure 1 shows the collisional suture of Neotethys in the Middle East and the location of Iran. Subduction of Neotethys is still active in the Makran in southeastern Iran (Farhoudi and Karig 1977; McCall 1997) . The accurate timing of the final collision between the Arabian Plate and the Iranian Block, and of the associated magmatic activity, are controversial. Berberian and King (1981) and Alavi (1994) advanced a late Cretaceous age for collision along the Zagros Suture. Others describe a Cenozoic continental collision (e.g. Eocene: Berberian et al. 1982; Braud 1987;  Petrographic and geochemical characteristics of the Boroujerd, Azna, Astaneh, Arak, Alvand, Golpayegan and Oshnavieh granitoids within the Sanandaj-Sirjan Zone are studied, and the tectonic setting and petrogenetic origin of these rocks are discussed.
Field relationships of the Sanandaj-Sirjan granitoids
The NW-SE trend Sanandaj-Sirjan Zone, with a length of ~1500 km and a width of ~200 km, is the metamorphic zone of the Zagros Mountains. This zone is one of the most active structural units in Iran and has experienced different metamorphic and magmatic events from the Precambrian to the Cenozoic. The stratigraphic features of the Sanandaj-Sirjan Zone are similar to those of the Central Iran Zone, but its trend and structural features are similar to those of the Zagros Orogen (Alavi 1994) . Most of the rocks are exposed in the Sanandaj-Sirjan Zone and belong to the Mesozoic. The Paleozoic rocks are rarely exposed in the NW part (from Golpayegan to Orumieh), while they are abundant in the southeastern part of the Sanandaj-Sirjan Zone (Berberian 1977; Sabzehi 1992) . Metapelitic and meta-semipelitic rocks known as Hamadan phyllites are the result of regional metamorphism of Jurassic shales under greenschist facies conditions. Intrusion of granitoids into the Hamadan phyllites caused contact metamorphism (e.g. Isfahani and Sharifi 1999; Moazzen et al. 2002; Moazzen et al. 2004) . The emplacement of the granitoids follows the main trend of the Zagros suture zone. Most of the granitoid bodies are oval in shape and the long axes are parallel to the main trend of the Sanandaj-Sirjan Zone. Some felsic dykes with aplitic and pegmatitic composition have cut the granitoids with an overall trend of NW-SE. Also, rounded enclaves at mm to cm scale are seen in these granitoids. The enclaves can be divided into two main groups: (i) microgranular mafic and felsic enclaves, which are fragments of chilled margins of the plutons, and (ii) micaceous enclaves with minerals such as sillimanite, andalusite and garnet, which are fragments of metamorphic rocks (Moazzen et al. 2004 ). The latter enclaves indicate a possible palingenetic origin for the studied granitoids.
Petrography
Granitoids in the Sanandaj-Sirjan Zone can be divided into three main groups based on their mineralogy: granites, granodiorites and tonalites. Mineralogical and petrographic features of the Sanandaj-Sirjan granitoids (SSG) are summarized in Table 1 .
Granites: Granites make up the main granitoid types in the Sanandaj-Sirjan Zone. These rocks are composed mainly of quartz (35-40 modal %), orthoclase (~30 modal %), plagioclase (~20 modal %) and biotite (5-10 modal %). Pale color, low biotite content and the presence of perthitic, micrographic and/or granophyric textures are the dominant features. Preferred orientation of mica minerals and undulating extinction in feldspars and quartz, along with kink structure in the minerals, all indicate influence of tectonic strains during or after emplacement. Minor minerals in the granites are muscovite, garnet, sillimanite, andalusite and cordierite of both magmatic and metamorphic (relict) origins. Accessory phases are apatite, zircon, alanite and iron oxides. Sericite, kaolinite and chlorite are alteration products.
Granodiorites: Granodiorites are darker in color than granites and have a higher modal proportion of plagioclase and biotite and rare amphiboles. The major minerals in these rocks are plagioclase (~40 modal %), quartz (~20 modal %), orthoclase (15-20 modal%) and biotite (10-15 modal%). The minor and accessory phases are similar to those in the granites except for minor amounts of amphiboles, present in some samples.
Tonalites: Tonalites have the least exposure area and are mainly composed of plagioclase (65-75 modal %) and quartz (20-30 modal %). Orthoclase, zircon, apatite, tourmaline and iron oxides occur as minor phases.
Analytical setting
Numerous samples from SSG are analyzed by different authors, mainly using the XRF method. Representative data, taken from the literature, are provided in Table 2 along with CIPW normative minerals. The Fe 2 O 3 and FeO content of the rocks are calculated according to the Irvine and Baragar (1971) method, and corrections are made following LeMaitre (1976) .
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Discussion and conclusions
The SiO 2 contents of the granitoids are between 64% and 78%. The samples plot in the granite, granodiorite, tonalite and quartz monzonite fields in the Na 2 O+K 2 O vs. SiO 2 diagram of Middlemost (1994) and in the normative diagram of O'Connor (1965) (Figs 3-4) . Almost all samples show sub-alkalic characteristics. Some samples plot in the alkaline field according to the Miyashiro (1978) definition (Fig. 3) . In the K 2 O/SiO 2 diagram of Peccerillo and Taylor (1976) , most rocks have mainly high K content (Fig. 5) . Samples from the Golpayegan granitoid plot in the low to medium K field. Most of the rocks have ASI>1 (molar ASI=Al 2 O 3 /CaO+Na 2 O+K 2 O), plotting in the peraluminous field, while some others show ASI<1 and metaluminous nature (Fig. 6 ). Peraluminous granitoids with normative corundum greater than 1% (69 samples show ~ 2.7 normative % corundum) are S-type. Metaluminous granitoids with less than 1 normative % corundum and ~1.1 normative % diopside (28 of 106 samples show ~ 1.1 normative % diopside) are I-type (Table 2) . Plotting the samples in [FeO/(FeO+MgO)]/SiO 2 and (Na 2 O+K 2 O+CaO)/SiO 2 diagrams (Frost et al. 2001) confirm the S and I-types for these rocks ( Fig. 7a-b ).
In the Q-Ab-Or triangular diagram (Fig. 8) , most of the samples (except for some from the Golpayegan granitoid) plot in the eutectic and minimum melting temperature (James and Hamilton 1969) .
In order to determine the tectonic setting of the studied granitoids, both major and trace elements are used. Samples plot in the island arc granite (IAG), volcanic
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Central European Geology 55, 2012 Fig. 3 Classification of the SSG in total alkalis vs. SiO 2 diagram from Middlemost (1994) . The boundaries separating alkaline and sub-alkaline rocks are from Miyashiro (1978) and Irvine and Baragar (1971) arc granite (VAG) and continental collision granite (CCG) fields in an [FeO/(FeO+MgO)/SiO 2 ] diagram after Pearce et al. (1984) (Fig. 9) . Y-SiO 2 and RbSiO 2 diagrams (after Pearce et al. 1984) show syn-collision and volcanic arc characteristics for the granitoids (Fig. 9) . The collisional and volcanic arc settings correspond to S and I-type granitoids, respectively.
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Variation of major and trace elements
Variation diagrams for the studied granitoids are illustrated in Fig. 10 , where all oxides and elements are plotted against SiO 2 . The negative trends of TiO 2 , FeO(total), MgO and Al 2 O 3 reflect the lower abundance of ferromagnesian minerals such as biotite and hornblende in the rocks, with a higher SiO 2 . Al 2 O 3 /TiO 2 ratio for most of the samples (Al 2 O 3 /TiO 2 = 14-75 for 80 samples) (Table 2) (Harris et al. 1986 ). The wide range of Na 2 O content is probably due to the contribution of different amounts of plagioclase in the melting process of source materials. The negative trend for CaO and Sr shows an early Ca-rich plagioclase crystallization in these rocks. Also, high CaO content can be attributed to the existence of calcic amphiboles in some granodiorites. The high K 2 O content in the granites and high Rb content in the granodiorites can be related to high K-feldspar and biotite in these rocks, respectively (except for Golpayegan samples). The varying Zr and P 2 O 5 contents in the rocks are probably due to different modal proportion of apatite and zircon in the analyzed samples.
The behavior of the incompatible trace elements
The behavior of the incompatible trace elements was studied for selected elements using a spider diagram (Fig. 11) . The elements are normalized to primary mantle. The normalization factors are from Sun and McDonough (1989) . The distribution pattern for trace elements may suggest similar sources for SSG. These patterns are comparable to those for the collision granites of Halatu in the Himalaya (Chen et al. 2000) , which are of crustal origin. The minor differences among the patterns for LILE can be explained by possible late alteration, while differences in more compatible elements may reflect heterogeneity of the source materials.
Th, Rb, K, HFSE, Y and Zr show enriched amounts relative to primary mantle, while Ba and Sr show lesser relative enrichments. Relatively low amounts of Y and Zr and enrichment of Ba, Rb, Ce and Th are consistent with collisional granitoids with crustal contribution (Harris and Inger 1992; Wang et al. 2001) .
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Petrogenesis and tectonic setting of SSG
The SSG, of the petrographic composition of granite, granodiorite and tonalite, were generated from heterogeneous source materials by anatexis. The S-type granitoids were formed by partial melting of pelitic and felsic crustal rocks and Itype granitoids by partial melting of the lower crustal metabasic rocks (Chappell and White 1992) .
The mineralogy of the SSG (e.g. aluminous minerals andalusite, sillimanite, garnet, muscovite), the existence of micaceous enclaves, the lack of extrusive equivalents, the lack of gabbros, the existence of normative corundum in most of the samples, the peraluminous nature of most of the samples, and the distribution pattern for REE and trace elements, all suggest that the SSG may be considered as products of partial melting of crustal materials.
In Figure 12 the source materials of SSG are shown using (Na 2 O+K 2 O)/ FeO+MgO+TiO 2 ) and CaO/(FeO+MgO+TiO 2 ) ratios (Patiño Douce 1996) . The source materials are metagreywackes, amphibolites and felsic pelites. Also, molar CaO/(MgO+FeOtotal) vs. molar Al 2 O 3 /(MgO+FeO total ) indicates different sources as the original materials for generation of the SSG. Some samples plot in the partial melting from metagreywackes and metapelitic fields, while others show partial melting from metabasaltic to tonalitic source (Fig. 13) , indicating heterogeneous sources for the SSG.
98 R. Hajialioghli, M. Moazzen Central European Geology 55, 2012 Fig. 11 Distribution patterns of trace incompatible elements normalized to primary mantle for the SSG. The normalization factors are from Sun and McDonough (1989) Although some Al-rich minerals can be crystallized from the anatectic melt, the existence of minerals such as sillimanite, cordierite and garnet with distinct metamorphic texture in SSG can suggest that the source materials (i.e. amphibolites, metagreywackes and pelites) were partially melted to form a silicic magma which in turn produced SSG. Based on mineral composition, the following melting reactions can be proposed for formation of these rocks (abbreviations are from Kretz 1983): Bt+Sil+Qtz+Pl = Grt+Crd+Kfs+Melt (for metapelitic and felsic rocks) Hbl+Qtz = Grt+Cpx+Opx+Melt (for Hbl-bearing mafic rocks)
Considering the experimental studies by Pattison et al. (2003) , the minimum temperature for melting of pelitic and Hbl-bearing mafic rocks of the Sanandaj- Sirjan Zone could have been ~700 °C and 780 °C, respectively. Thermometry of the rocks based on Zr content vs. (Na+K+2Ca)/(Al*Si) (Watson and Harrison 1983) shows temperatures of 700-850 °C for SSG rocks (Fig. 14) . These temperatures are comparable with temperatures required for generation of granitic melt due to dehydration melting of continental crust at temperatures of ca. 750-850 °C (Wyborn et al. 1981; Wolf and Wyllie 1994; Rapp and Watson 1995; Patiño Douce and McCarthy 1998) .
Considering the tectonic setting, discriminate diagrams, and all the abovementioned features, we conclude that the SSG formed in a continental collision setting. The scenario for formation of the SSG is as follows: The Neotethys Ocean (Zagros Ocean) in Iran, which was located between the Arabian Plate and the Central Iranian Block during the Paleozoic and Triassic, closed by subduction beneath the Central Iran Zone. Continental collision of the Arabian Plate and the Central Iranian Plate occurred during Cretaceous to Tertiary times. Intense deformation, metamorphism and intrusion of the plutonic rocks all are results of this collision. Arrangement of long axes of oval-shape granitoids along the main trend of the Zagros Orogen, elongated micaceous enclaves, and deformational textures and structures all support the formation of the SSG in a syn-collision environment. Differences in source materials were responsible for some differences in mineralogical and chemical compositions among the various rocks studied.
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Fig. 14 Concentration of Zr in the SSG plotted against cationic percent of (Na+K+2Ca) / (Al*Si) (Watson and Harrison, 1983) . 700-850 °C isotherms show the Zr concentration in granitoid melts with different compositions
